Abstract. At present, manufacturing processes require time accuracy in deliveries of parts and materials. This accuracy can be affected by many factors, two of which are road infrastructure quality and traffic volume between suppliers and manufacturing company. Every increase of traffic can lead to road infrastructure overcrowding, which may have impact on accuracy in deliveries of parts and materials. This article aims to delay time assessment at the intersections as the main factor of late deliveries in short distances.
Introduction
Manufacturing processes at present require time accuracy in deliveries of parts and materials. This accuracy can be affected by many factors, two of which are road infrastructure quality and traffic volume between suppliers and manufacturing company. Every increase of road traffic volume can lead to its overcrowding and thus in undesirable external costs such as traffic congestions, while the intersections are the most crucial parts of the road infrastructure, where the delays occur. Congestions may have impact on manufacturing processes such as late deliveries of parts and materials. Also, on the other side, the increase of traffic volume and therefrom derived traffic problems can be caused by transport needed for manufacturing companies. Good traffic situation is important for both sides -for the town and its inhabitants and for developers, such as manufacturing companies. In order to achieve sustainability of traffic situation all greater investment projects of developers have to come under traffic-capacity assessment, which is standard part of the preparatory or project documentation at present [1, 2] .
However, methods relating to traffic-capacity assessment may be processed non-uniformly, they may be in different range of processing and may reflect a subjective approach of their processors. Competent authorities try to establish a uniform methodology for assessing the traffic capacity in project documentation approval process in order to achieve sustainable development in solved area [3, 4] . Such methodologies are approved in Bratislava and Prešov [5, 6] . There is interesting part in these methodologies, which tells that traffic-capacity calculation may be supplemented or even replaced by the virtual simulation of the assumed traffic on the communication network of solved area or affected intersections. Virtual simulation has advantages over traditional calculations in clarity, versatility, ability to implement into calculation influence of the surroundings e.g. [7] . From the 10 biggest Slovak towns there is no other town in Slovakia that has such methodology published in its webpage. From these findings it can be assumed that there may be differences in processing of traffic-capacity assessments of investment plans in the remaining towns in Slovakia. Also acceptance of simulation software can be assumed only in towns Bratislava and Prešov.
Traffic flow delay times and probability of traffic congestions can be calculated on the bases of abovementioned methodologies. Consequently, mainly if the distance between supplier and factory is short, probability of deliveries delay can be estimated on the basis of these methodologies as well.
In this article we put the question: How much the simulation outputs correspond (are comparable) to the outputs of analytical methods? In the following part we compare results of traffic-capacity calculation by the analytical method -calculation according to TP 10/2010 and simulation methods -simulation in Aimsun and simulation in OmniTrans. Due to the large scale and complexity of the calculations, we carried out only comparison of calculation results of uncontrolled level crossing intersections.
Considered Area -Intersection I/64 Rajecká Cesta -Dlhá
In order to compare calculation outputs and simulation outputs, there were carried out calculation and simulation at uncontrolled intersection in the town of Žilina, where traffic load data were available -intersection I/64 Rajecká cesta -Dlhá (at the time without traffic lights). At the beginning, it is important to mention that this intersection is signal controlled at present (from 4 th November 2013). However, because of purpose of this paper, the calculations and simulations were carried out for the state before operation of traffic lights.
The examination process was as follows Looking at all traffic streams, it is possible to see dependence of delay times on traffic flow. Similarity in increase in delay times between outputs of particular tools (TP-Aimsun, TPOmniTrans, Aimsun-OmniTrans) could be expressed by a correlation coefficient (C, see Tab. 1) between delay times. On the other hand, divergence could be expressed by percentage differences between delay times. When comparing TP and Aimsun, average of correlation coefficient of the traffic flows of the II. degree is 0.95 and percentage difference in delay times is 40.25%. This means, that changes in traffic flow at the intersection similarly influence increase/decrease of delay times of the traffic flows of the II. degree, but the difference in values between calculation of various tools may be up to 40%.
When comparing outputs of TP and OmniTrans, the correlation coefficient is 0.81 and average difference in delay times is 65.69%. Lower similarity is also in increase of delay times between software Aimsun and OmniTrans (correlation coefficient 0.82). Here is also possible to see lower similarity in increasing/decreasing of delay times (increasing delay time according to TP doesn´t necessary means increasing delay time according to OmniTrans). Difference in values of delay time between TP and OmniTrans is also greater (65.95%). Looking at comparison between Aimsun and OmniTrans, we can see the correlation coefficient equal to 0.82 and average difference in delay times is up to 105.2%. It means that the difference between values is greater than between TP and Aimsun or TP and OmniTrans. 
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Traffic flows of the III. degree are represented by traffic flows 5 and 11. Traffic flow 5 has separate lane for the movement of vehicles, traffic flow 11 has the common lane with the traffic flow 12, but intersection entrance is extended on the right side. As can be seen in Fig. 3 , increase in delay times according to TP is noticeably higher than increase in delay times according to Aimsun or OmniTrans.
The difference in delay times between TP and OmniTrans for the traffic flows increased by 20% is up to 68 sec. But when we take into account the fact that delay times according to Aimsun (OmniTrans) are also higher (about 40 sec), relative difference between TP and Aimsun is 27.1%, between TP and OmniTrans is 63.3%, and between Aimsun and OmniTrans is equal to 26.7%. Moreover, the correlation coefficient, when traffic flows of the III. degree are compared, is relatively high -between TP and Aimsun is equal 0.99, between TP and OmniTrans 0.84, and 0.91 between Aimsun and OnniTrans. Therefore it is possible to conclude that calculations according to all 3 ways react similarly to changes in traffic load -by increasing/decreasing of delay times, but there are differences in absolute values of the delay time. . Outputs according to OmniTrans also show high delay times already at the basic traffic state, but with the maximum value up to 300 sec. But the delay time 300 sec is the maximum delay time that OmniTrans can calculate. Therefore, it is possible to assume that there would be even higher delay times if the traffic flow was higher. In contrast, calculation according to Aimsun showed only slightly increased delay times -only up to the value of 65 sec.
Looking at traffic flow no. 10, it is possible to see higher delay times calculated according to TP in comparison to the simulation outputs of Aimsun or OmniTrans. Source: authors
Summary
Virtual simulation with its exceptional features such as calculation speed, clarity, versatility, ability to implement into calculation influence of the surroundings have an advantage over conventional calculations according to TP10/2010. However, according to abovementioned results, there could be achieved significant differences in outputs when using different methods for delay time calculations. Therefore, it is possible to recommend further studies that would be focused on verification of particulars methods (e.g. surveys of delay times at intersections) and which would clearly confirm the correctness or deviation of outputs from the real situation [3, 11, 12] .
Using the method that does not correspond to reality may cause the wrong decisions in approval process of investments plans are made. Consequently, these wrong decisions may have impact on the whole transport system in the form of increased delay times, what unfavorably influences accuracies of parts and materials deliveries. Also, traffic situation should be monitored systematically and parts and materials deliveries should be planned carefully considering the traffic situation in order to minimize late deliveries. Here, the virtual simulation with its speed and ability to traffic prediction also can be very helpful.
